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810 o

PROVIDE A STRUCTURE THAT COMPRISES AN NSEG COLLECTOR 110
BETWEEN SHALLOW TRENCH ISOLATION (STI) STRUCTURES 130

815:

GROW AN NSEG BASE 140 OVER THE NSEG COLLECTOR 110 WHEREIN THE NSEG
BASE 140 COMPRISES A FIRST LAYER 150 OF SILICON COVERED BY A SECOND
LAYER 160 OF SILICON GERMANIUM COVERED BY A THIRD LAYER 170 OF SILICON

820
GROW AN NSEG MONOCRYSTALLINE SILICON EMITTER 180 OVER
THE THIRD LAYER 170 OF SILICON OF THE NSEG BASE 140
825
PLACE A FIRST LAYER OF SILICON NITRIDE 190 OVER
THE NSEG MONOCRYSTALLINE SILICON EMITTER 180
830

PERFORM A MASK AND ETCH PROCEDURE TO ETCH AWAY NON-CENTRAL PORTIONS OF
(1) THE FIRST LAYER OF SILICON NITRIDE 190 AND (2) THE NSEG EMITTER 180 AND (3)
THE THIRD LAYER 170 OF SILICON OF THE NSEG BASE 140 TO FORM STRUCTURE 200

835

PLACE A LAYER OF SILICON OXIDE 310 OVER THE STRUCTURE 200 AND PLACE
A SECOND LAYER OF SILICON NITRIDE 320 OVER THE SILICON OXIDE 310

840

ETCH THE SECOND LAYER OF SILICON NITRIDE 320 TO
FORM FIRST SILICON NITRIDE SPACERS 320a AND 320b

845

PERFORM A DILUTED HYDROFLUORIC ACID (HF) ETCH PROCEDURE TO ETCH
AWAY EXPOSED PORTIONS OF THE SILICON OXIDE 310 AND EXPOSE THE
SECOND LAYER 150 OF SILICON GERMANIUM (SiGe) OF THE NSEG BASE 140

850
N
GROW AN IN-SITU DOPED POLYSILICON LAYER 510 TO FORM A RAISED
EXTERNAL BASE ON THE EXPOSED SECOND LAYER 160 OF SILICON
GERMANIUM (SiGe) OF THE NSEG BASE 140 TO FORM STRUCTURE 500

855

PLACE A THIRD LAYER OF SILICON NITRIDE 610 OVER THE STRUCTURE 500 AND
ETCH THE THIRD LAYER OF SILICON NITRIDE 610 TO FORM SECOND SILICON
NITRIDE SPACERS 610a AND 610b AND TO REMOVE REMAINING PORTIONS OF

THE FIRST LAYER OF SILICON NITRIDE 190 FROM THE NSEG EMITTER 180

860

FORM A CONTACT STRUCTURE 710 TO CONTACT THE TOP SURFACE
OF THE NSEG MONOCRYSTALLINE SILICON EMITTER 180

FIG. 8
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SYSTEM AND METHOD FOR PROVIDING A
SELF ALIGNED SILICON GERMANIUM
(SIGE) HETEROJUNCTION BIPOLAR
TRANSISTOR USING A MESA
EMITTER-BASE ARCHITECTURE

TECHNICAL FIELD OF THE INVENTION

The system and method of the present invention 1s gener-
ally directed to the manufacture of integrated circuits and, 1n
particular, to a system and method for providing a self aligned
silicon germamum (S1Ge) heterojunction bipolar transistor
using a mesa emitter-base architecture.

BACKGROUND OF THE INVENTION

Silicon germamum (S1Ge) heterojunction bipolar transis-
tors are employed 1n an increasing number of integrated cir-
cuit applications. Development of silicon germanium (S1Ge)
heterojunction bipolar transistor technology has been very
rapid since the first functional silicon germanium (S1Ge) het-
erojunction bipolar transistor was introduced 1n December
1987. The first silicon germanium (S1Ge) heterojunction
bipolar transistor technology entered commercial production
on 200-mm wafers 1n 1994,

The technical advantages that are provided by silicon ger-
manium (S1Ge) heterojunction bipolar transistor technology
continue to be mvestigated by researchers 1n the semiconduc-
tor industry. There continues to be aneed in the art for systems
and methods that provide improvements 1n silicon germa-
nium (S1Ge) heterojunction bipolar transistor technology.

The system and method of the present invention provides
an improved sell aligned silicon germanium (S1Ge) hetero-
junction bipolar transistor that uses a mesa emitter-base archi-
tecture. The transistor of the present invention comprises a
non-selective epitaxial growth (NSEG) collector, an NSEG
base, an NSEG emitter and a raised external base that 1s
formed by the selective epitaxial growth (SEG) of a doped
polysilicon layer.

Before undertaking the Detailed Description of the Inven-
tion below, it may be advantageous to set forth defimitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” 1s 1nclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereot, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like.

Definitions for certain words and phrases are provided
throughout this patent document, those of ordinary skill 1n the
art should understand that in many, 1f not most instances, such
definitions apply to prior uses, as well as to future uses, of
such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mven-
tion and 1ts advantages, reference 1s now made to the follow-
ing description taken in conjunction with the accompanying
drawings, 1n which like reference numerals represent like
parts:

FI1G. 1 1llustrates a schematic diagram of a cross section of
a structure formed during the manufacture of a self aligned
s1licon germanium (S1Ge) heterojunction bipolar transistor of
the present invention;
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FIGS. 2 through 7 illustrate schematic diagrams that show
successive key steps 1n the manufacture of a self aligned
s1licon germanium (S1Ge) heterojunction bipolar transistor of
the present invention; and

FIG. 8 illustrates a flow chart showing the steps of an

advantageous embodiment of a method of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 through 8, discussed below, and the various
embodiments used to describe the principles of the present
invention in this patent document are by way of illustration
only and should not be construed 1n any way to limit the scope
of the invention. Those skilled 1n the art will understand that
the principles of the present mnvention may be implemented
with any type of suitably arranged itegrated circuit device.

To simplity the drawings the reference numerals from pre-
vious drawings will sometimes not be repeated for structures
that have already been 1dentified. For purposes of clarity of
illustration the thickness of the structures will sometimes not
be drawn to scale. The values of thickness that are given for
the structures of the invention are illustrative. It 1s understood
that other values of thickness for the structures could be used
to practice the method of the invention.

FIGS. 1 through 7 illustrate schematic diagrams that show
successive key steps in the manufacture of a self aligned
s1licon germanium (S1Ge) heterojunction bipolar transistor of
the present invention. FIG. 1 illustrates a schematic diagram
ol a cross section of a structure 100 that 1s imtially formed
during the manufacture of a self aligned silicon germanium
(S1Ge) heterojunction bipolar transistor of the present inven-
tion.

The structure 100 shown in FIG. 1 comprises a Non-Se-
lective Epitaxial Growth (NSEG) collector 110 and a selec-
tive implanted collector (SIC) 120 located within a central
portion of the NSEG collector 110. The central portion of the
NSEG collector 110 1s located between two shallow trench
1solation (STI) structures 130.

During the manufacture of the structure 100 shown 1n FIG.
1, a Non-Selective Epitaxial Growth (NSEG) base 140 1s
grown over the NSEG collector 110 and over the STT struc-
tures 130. The NSEG base 140 comprises three layers (150,
160, 170). The first layer 150 comprises a layer of silicon (S1).
The second layer 160 comprises a layer of silicon germanium
(S1Ge). The third layer 170 comprises a layer of silicon (S1).

In one advantageous embodiment of the method of the
invention, a thickness of the NSEG base 140 1s approximately
s1xty nanometers (60 nm); a thickness of the first layer 150 (of
s1licon) 1s approximately ten nanometers (10 nm); a thickness
of the second layer 160 (of silicon germanium) 1s approxi-
mately thirty five nanometers (35 nm); and a thickness of the
third layer 170 (of silicon) 1s approximately fifteen nanom-
cters (15 nm).

A Non-Selective Epitaxial Growth (NSEG) monocrystal-
line silicon emitter 180 1s grown over the NSEG base 140. In
one advantageous embodiment of the method of the mven-
tion, a thickness of the (NSEG) monocrystalline silicon emit-
ter 180 1s approximately two hundred nanometers (200 nm).
In one advantageous embodiment of the method of the inven-
tion, the NSEG base 140 and the NSEG emitter 180 can be
grown 1n a single Non-Selective Epitaxial Growth (NSEG)
run.

Then a first layer of silicon nitride 190 1s placed over the
NSEG monocrystalline silicon emitter 180. In one advanta-
geous embodiment of the method of the imnvention, a thickness
of the first s1licon nitride 190 1s approximately twenty nanom-
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cters (20 nm). The result of applying these procedures is
shown 1n the structure 100 shown 1n FIG. 1.

Then a mask (not shown) i1s provided to mask central
portions of the first layer of silicon nitride 190. A mask and

etch procedure 1s applied to etch away non-central portions of 5

the first silicon nitride 190 and the NSEG ematter 180 and the
third layer 170 (of silicon) of the NSEG base 140. The etch
stops on the top of the second layer 160 (of silicon germanium
(S1Ge)) of the NSEG base 140. The mask 1s then removed.
The result of applying the mask and etch procedure 1s shown
in the structure 200 1n FIG. 2.

The portion of the third layer 170 (of silicon) of the NSEG
base 140 has the form of a “mesa” structure because 1t rises
above the topmost level of the second layer 160 (of silicon
germanium (S1Ge)) 1n the same fashion as a geological mesa
rises above a surrounding plain. Together the NSEG monoc-
rystalline silicon emaitter 180 and the “mesa” structure of the
third layer 170 (of silicon) of the NSEG base 140 form a
“mesa’” type emitter-base architecture.

In the next step of the method a layer of silicon oxide 310
(e.g., tetracthyloxysilane 310) 1s placed over the structure
200. In one advantageous embodiment of the method of the
invention, a thickness of the silicon oxide 310 1s approxi-
mately twenty nanometers (20 nm).

Then a second layer of silicon nitride 320 1s placed over the
silicon oxide 310. An unmasked etch procedure 1s then
applied to etch away portions of the second silicon nitride 320
to form first silicon nitride spacers (320a and 32056). The
result of applying these procedures 1s shown 1n the structure
300 1n FIG. 3.

Then a diluted hydrofluoric acid (HF) etch procedure 1s
applied to etch away the exposed portions of the silicon oxide
310. The HF etch procedure removes the portions of the
silicon oxide 310 that are not located under the first silicon
nitride spacers (320a and 3205). The HF etch procedure also
removes the portions of the silicon oxide 310 that are located
above the silicon nitride 190. The removal of the silicon oxide
310 exposes the underlying second layer 160 (of silicon ger-
manium (S1Ge)) of the NSEG base 140. The result of apply-
ing the HF etch procedure 1s shown 1n the structure 400 1n
FIG. 4.

Then a Selective Epitaxial Growth (SEG) procedure 1s
applied to grow an 1n-situ doped polysilicon layer 510 to form
a raised external base. The in-situ doped polysilicon layer 510
1s grown on the exposed second layer 160 (of silicon germa-
nium (S1Ge)) of the NSEG base 140. The result of growing
the 1n-si1tu doped polysilicon layer 510 to form a raised exter-
nal base 1s shown 1in the structure 500 1n FIG. 5.

Then a third layer of silicon nitride 610 1s placed over the
structure 500. An unmasked etch procedure 1s then applied to
ctch away portions of the third layer of silicon nitride 610 to
torm second silicon nitride spacers (610a and 6105). The etch
procedure also etches away the remaining portions of the first
layer of silicon nitride 190 located over the NSEG monocrys-
talline silicon emitter 180. The result of applying these pro-
cedures 1s shown 1n the structure 600 1n FIG. 6.

Then a contact structure 710 1s formed to provide an elec-
trical contact to the top surface of the NSEG monocrystalline
silicon emitter 180. The result of forming the contact struc-
ture 710 1s shown 1n the structure 700 1n FIG. 7. In one
advantageous embodiment of the method of the invention, a
width of the (NSEG) monocrystalline silicon emitter 180 1s
approximately one hundred fifty nanometers (150 nm).

The system and method of the present invention provides
several significant advantages. The present mmvention pro-
vides a self aligned silicon germanium (S1Ge) heterojunction
bipolar transistor that has emitter-base structure in which the
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NSEG monocrystalline silicon emitter 180 can be formed 1n
the same NSEG growth process as the NSEG base 140. This
significantly simplifies the mono emitter process. The emit-
ter-base junction 1s confined by the side wall spacers of sili-
con nitride 310 (e.g., tetracthyloxysilane 310). This means
that there 1s little peripheral emitter-base junction.

The Selective Epitaxial Growth (SEG) procedure 1s only
used to grow an 1n-situ doped polysilicon layer 510 for the
raised external base. Using the SEG procedure only for grow-
ing the raised external base 1s much easier than the approach
used 1 a Fully Self Aligned (FSA) architecture.

There 1s no hydrofluoric acid (HF) etch procedure used to
form an emitter window. This means that, unlike prior art
methods, there 1s no disadvantage to etch an undercut to
enlarge the actual emitter window. The emitter 180 of the
present mvention 1s formed by light-field lithography. This
means that the emitter 180 may be formed with better critical
dimensions (e.g., 150 nm width) given the same lithography
tool.

FIG. 8 illustrates a flow chart showing the steps of an
advantageous embodiment of a method of the present inven-
tion. In the first step of the method a structure 1s provided that
comprises an NSEG collector 110 between shallow trench

1solation (ST1) structures 130 (step 810). Then an NSEG base
140 1s grown over the NSEG collector 110 wherein the NSEG
base 140 comprises a first layer 150 of silicon covered by a
second layer 160 of silicon germanium (S1Ge) covered by a
third layer 170 of silicon (step 815).

Then an NSEG monocrystalline silicon emaitter 180 1s
grown over the NSEG third layer 170 of silicon of the NSEG
base 140 (step 820). Then a first layer of silicon nitride 190 1s
placed over the NSEG monocrystalline silicon emitter 180
(step 825). Then a mask and etch procedure 1s performed to
ctch away non-central portions of (1) the first layer of silicon
nitride 190, and (2) the NSEG emitter 180, and (3) the third
layer 170 of silicon of the NSEG base 140 to form a structure
200 (step 830).

In the next step of the method a layer of silicon oxide 310
(e.g., tetracthyloxysilane 310) 1s placed over the structure 200
and a second layer of silicon nitride 320 1s placed over the
layer of silicon oxide 310 (step 835). Then an etch procedure
1s performed to etch the second layer of silicon nitride 320 to
form first silicon nitride spacers 320a and 3205 (step 840).

Then a diluted hydrofluoric acid (HF) etch procedure 1s
performed to etch away exposed portions of the silicon oxide
310 and expose the second layer 160 of silicon germanium
(S1Ge) of the NSEG base 140 (step 845). Then a selective
epitaxial growth (SEG) procedure 1s performed to grow a
layer of 1n-situ doped polysilicon 510 to form a raised exter-
nal base on the exposed second layer 160 of silicon germa-
nium (S1Ge) of the NSEG base to form structure 500 (step
850).

Then a third layer of silicon nitride 610 1s placed over the
structure 500 and the third layer of silicon nitride 610 1s
etched (1) to form second silicon nitride spacers 610a and
6105, and (2) to remove remaining portions of the first layer
of silicon nitride 190 over the NSEG emitter 180 (step 855).
Then a contact structure 710 1s formed to provide an electrical
contact to the top surface of the NSEG monocrystalline sili-
con emitter 180 (step 860).

The foregoing description has outlined 1n detail the fea-
tures and technical advantages of the present invention so that
persons who are skilled 1n the art may understand the advan-
tages of the invention. Persons who are skilled in the art
should appreciate that they may readily use the conception
and the specific embodiment of the invention that 1s disclosed
as a basis for modifying or designing other structures for
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carrying out the same purposes of the present invention. Per-
sons who are skilled 1n the art should also realize that such
equivalent constructions do not depart from the spirit and
scope of the invention 1n 1ts broadest form.

Although the present invention has been described with an
exemplary embodiment, various changes and modifications
may be suggested to one skilled 1n the art. It 1s intended that
the present invention encompass such changes and modifica-
tions as fall within the scope of the appended claims.

What is claimed 1s:

1. A method of manufacturing a self aligned silicon ger-
manium heterojunction bipolar transistor, the method com-
prising the steps of:

forming a non-selective epitaxial growth (NSEG) collec-

tor;
forming an NSEG base over the NSEG collector;
forming an NSEG monocrystalline silicon emitter over the
NSEG base; and

performing a first etch process to remove non-central por-
tions of the NSEG monocrystalline silicon emitter and
non-central portions of the NSEG base;

wherein the step of forming the NSEG base comprises the

steps of:

forming a first layer of the NSEG base over the NSEG
collector, wherein the first layer of the NSEG base
comprises a first layer of silicon;

forming a second layer of the NSEG base over the first
layer of the NSEG base, wherein the second layer of
the NSEG base comprises a layer of silicon germa-
nium; and

forming a third layer of the NSEG base over the second
lager of the NSEG base, wherein the third layer of the
NSEG base comprises a second layer of silicon; and

wherein performing the first etch process comprises

removing the non-central portions of the NSEG monoc-

rystalline silicon emitter and non-central portions of the

third layer of the NSEG base down to the second layer of

the NSEG base.

2. The method as claimed 1n claim 1, wherein:

the first layer of the NSEG base 1s approximately ten

nanometers thick;

the second layer of the NSEG base 1s approximately thirty

five nanometers thick; and

the third layer of the NSEG base 1s approximately fifteen

nanometers thick.

3. The method as claimed 1n claim 1, wherein the NSEG
base and the NSEG emitter are formed during a single NSEG
run.

4. The method as claimed 1n claim 1, further comprising the
step of:

forming a first layer of silicon mitride over the NSEG

monocrystalline silicon emutter.

5. The method as claimed 1n claim 4, wherein performing
the first etch process further comprises:

removing non-central portions of the first layer of silicon

nitride.

6. The method as claimed 1n claim 5, further comprising the
steps of:

placing a layer of silicon oxide over the first layer of silicon

nitride and over the second layer of the NSEG base;
placing a second layer of silicon mitride over the layer of
silicon oxide; and

performing a second etch process to form first silicon

nitride spacers adjacent to the NSEG monocrystalline
s1licon emitter.

7. The method as claimed 1n claim 6, further comprising the
steps of:
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performing a third etch process to remove portions of the
layer of silicon oxide and expose portions of the second
layer of the NSEG base; and
forming an in-situ doped polysilicon layer on the second
layer of the NSEG base to form a raised external base.
8. The method as claimed 1n claim 7, further comprising the
steps of:
placing a third layer of silicon nitride over the NSE
monocrystalline silicon emitter and over the doped poly-
silicon layer; and
performing a fourth etch process to form second silicon
nitride spacers adjacent to the first silicon nitride spacers
and to remove remaining portions of the first layer of
silicon nitride from the NSEG monocrystalline silicon
emitter.
9. The method as claimed 1n claim 8, further comprising the
step of:
forming a contact structure in contact with a top surface of
the NSEG monocrystalline silicon emutter.
10. A self aligned silicon germanium heterojunction bipo-
lar transistor comprising:
a non-selective epitaxial growth (NSEG) collector;
an NSEG base over the NSEG collector; and
an NSEG monocrystalline silicon emitter over the NSEG
base,
wherein the NSEG emitter and a first portion of the NSEG
base extend above a second portion of the NSEG base;
and
wherein the NSEG base comprises:

a first layer of the NSEG base over the NSEG collector,
wherein the first layer of the NSEG base comprises a
first layer of silicon;

a second layer of the NSEG base over the first layer of
the NSEG base, wherein the second layer of the
NSEG base comprises a layer of silicon germanium;
and

a third layer of the NSEG base over the second layer of
the NSEG base, wherein the third layer of the NSEG
base comprises a second layer of silicon; and

wherein non-central portions of the NSEG monocrystal-

line emitter and non-central portions of the third layer of
the NSEG base are etched down to the second layer of
the NSEG base.

11. The self aligned silicon germanium heterojunction

bipolar transistor as claimed 1n claim 10, wherein:

the first layer of the NSEG base 1s approximately ten
nanometers thick;

the second layer of the NSEG base 1s approximately thirty
five nanometers thick:; and

the third layer of the NSEG base 1s approximately fifteen
nanometers thick.

12. The self aligned silicon germanium heterojunction

[

bipolar transistor as claimed in claim 10, wherein the NSE
base and the NSEG emitter are formed during a single NSE
run.

13. The self aligned silicon germanium heterojunction
bipolar transistor as claimed 1n claim 10, wherein the first
portion of the NSEG base comprises the third layer of the
NSEG base.

14. The self aligned silicon germanium heterojunction
bipolar transistor as claimed 1n claim 13, further comprising;:

a layer of silicon oxide over a first portion of the second

layer of the NSEG base and adjacent to sidewalls of the
NSEG emitter and the first portion of the NSEG base;
and

first silicon nitride spacers that are adjacent to the layer of

silicon oxide.
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15. The self aligned silicon germanium heterojunction
bipolar transistor as claimed 1n claim 14, further comprising;:
an 1n-situ doped polysilicon layer forming a raised external
base on a second portion of the second layer of the
NSEG base.
16. The self aligned silicon germanium heterojunction
bipolar transistor as claimed 1n claim 15, further comprising;:
second silicon nitride spacers adjacent to the first silicon
nitride.

17. The self aligned silicon germanium heterojunction 10

bipolar transistor as claimed 1n claim 16, further comprising;:
a contact structure in contact with a top surface of the
NSEG monocrystalline silicon emitter.

8

18. The self aligned silicon germanium heterojunction
bipolar transistor as claimed in claim 10, wherein the NSEG
collector comprises a selective implanted collector beneath
the NSEG emitter and the first portion of the NSEG base.

19. The method as claimed 1n claim 6, wherein the layer of
s1licon oxide confines a junction between the NSEG base and
the NSEG emitter.

20. The self aligned silicon germanium heterojunction
bipolar transistor as claimed 1n claim 14, wherein the layer of
s1licon oxide confines a junction between the NSEG base and
the NSEG emitter.
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